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Figure 1-1. Model MS-2 
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MODEL М5-2 


SECTION | 
GENERAL 


А. PURPOSE AND DESCRIPTION 


The Mini Scaler is a complete system consisting of a 
variable high voltage supply, charge sensitive input ampli- 
fier, single channel pulse height analyzer, six decade scaler, 
four range linear rate meter, and timer. All circuits are 
solid state with extensive use of integrated circuits to en- 
hance reliability. 


It is designed for use with practically any scintillation, 
geiger-mueller or proportional detector. 


The scaler section uses light emitting diode readouts. Bat- 
tery operation is available by use of an external battery, 
which can be plugged into the rear panel connector. 


B. SPECIFICATIONS 


1. High Voltage: Regulated, adjustable by front panel 
control from 200 volts to approximately 2500 volts and can 
supply a 100 megohm load. A ten turn potentiometer allows 
repeatable predetermined voltage setting. The supply (EIC 
Model P-201B) is a plug-in module for ease of maintenance. 


2. Scaler: Six each light emitting diode readouts. Count- 
ing light stays lit when in counting mode. АП integrated 
circuits are plugged in for case of maintenance. 


3. Вае Meter: Four linear ranges of 500, 5000, 50,000 
and 500,000 counts per minute full scale selected by a four 
position rotary switch mounted on the front panel. 


Meter response time is continuously variable by a front 
panel control from 1 to 13 seconds (zero to 90% of final 
reading). A reset switch is provided for resetting the meter 
reading to zero. 


Linearity is within +5% of full scale. 


4. Timer: Preset times from 0.1 minute to 50 minutes in 
a 1, 2, 5 sequence referenced to 60 Hz line frequency yield- 
ing an accuracy typically better than 0.05%. АП integrated 
circuits are plugged in for ease of maintenance. The timer 
has ап oscillator for use with battery or 50 Hz line. The cap- 
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ability of syncing with a 50 Hz line is incorporated in the 
timer circuitry. For this procedure refer to Section IV, С, 1. 


5. Amplifier: Charge sensitive input allowing very high 
input sensitivity with excellent noise rejection, followed by 
a dc coupled amplifier fed back for stability and control. 
Overall sensitivity adjustable by an internal gain control from 
1.0 to 10 volts per picocoulomb (approximately 0.1 to 1.0 
volt per millivolt equivalent on voltage sensitive input). 


6. THRESHOLD: Adjustable by a calibrated ten turn 
front panel control from 0 to 1.0 volt. 


7. WINDOW: Adjustable by a calibrated ten turn front 
panel control from 0 to 1.0 volt, always constant above 
threshold. A window IN-OUT switch provides gross count- 
ing by disabling window. 


8. Instrument Resolution: 2 microseconds with pulse 
height 2X threshold. 


9. TEST: Switches timer oscillator frequency (3600 СРМ) 
into scaler and rate meter. 


10. RESET-START: Resets scaler and timer to zero and 
starts a timed count. 


11. TIMED-STOP-MAN: Selects counting mode. TIMED 
position automatically stops count after preset time selected 
on timer. MAN, position counts continuously. STOP ро- 
sition does not count. 


12. TEMPERATURE: 32° to 140°F (0° to 60°C) with less 
than +20% change in gain and threshold or window levels. 
High voltage changes less than +1%. Time base change 
(battery operation only) less than +2%. 


13. DETECTOR: MHV series coaxial. 


14. Power: Line -115 ог 230 +10% VAC switch selectable, 
50/60 Hz, 1/4 amp, 3-wire. Battery - Any battery 7.5 volts 
minimum, 14 volts maximum at 1.0 amp load. 


15. Mechanical 
a. Size: 4-1/2” H x 9-5/8” D x 10-1/2” W (11.4 x 
24.4 x 26.7 cm), including controls. 


b. Weight: 6-1/2 Ibs. (2.95 Kg). 
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Figure 2-1. Mode! MS-2, Rear View 
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Figure 2-2. Model MS-2, Interior View 
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SECTION Il 
OPERATION 


А. DESCRIPTION OF CONTROLS AND CONNECTORS 
1. EXTERNAL (See Figures 1-1, 2-1 and 2-2.) 


а. DETECTOR: Connection to detector. MHV series 
coaxial. I 


b. H. V. ADJUST: Ten turn calibrated dial for set- 
ting and changing high voltage. 


с. THRESHOLD: Ten turn calibrated dial for setting 
and changing baseline sensitivity. 


d. WINDOW: Ten turn calibrated dial for setting and 
changing range of pulse heights to be counted. 


е. IN-OUT Switch: Switch to select gross counting 
(OUT) or PHA (IN). 


f. TEST: Switch to insert test signal into scaler. 


g. TIMED-STOP-MAN: 
mode. 


Switch to select counting 
h. RESET-START: Switch to reset all appropriate 
circuitry to zero and start a counting sequence. 


1. COUNT TIME IN MINUTES: Switches to select 
desired counting time. 


j. RANGE SWITCH: Selects range of rate meter of 
500, 5000, 50,000 or 500,000 counts per minute. 


К. RESET: Returns meter reading rapidly to zero 
when depressed. 


1. RESPONSE: Controls response time of the meter. 


m.POWER: Switch to supply power to instrument. 
(Rear Panel) 


п. BATTERY: Connector for plugging in external 
battery. (Rear Panel) 


о. 115-230 VAC Switch: Selects either 115V or 230V 
50/60 Hz. 


2. INTERNAL 


a. Gain (Amplifier Board): Control for adjusting gain 
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of amplifier. 


b. Time (Timer Board): Control to calibrate time base 
when operating with external battery. 


c. Rate Meter Calibration (Rate Meter Board): Con- 
trols to calibrate meter reading. 


В. PREPARATION FOR USE 
1, The instrument should be checked for physical damage. 


2. Plug power cord into 115 VAC, 60 Hz power source ог 
connect to battery power through BATTERY connector 
(pin 1 negative, pin 2 positive). 


3. Set controls as follows: 
a. H. V. ADJUST — 0.00 
b. THRESHOLD — 5.00 
с. IN-OUT — OUT 
4. TEST — ON 
е. TIMED-STOP-MAN. — STOP 


4. Тот POWER switch ON and push START-RESET 
switch. The readouts should display zerò or blank. 


C. OPERATION CHECK 


1. Set TIMED-STOP-MAN. switch to MAN. Units should 
begin to count. (TEST switch ON) 


2. Set TIMED-STOP-MAN. switch to TIMED. 

3. Set COUNT TIME IN MINUTES switches to 1 and 
Х.1. Press START-RESET switch. Unit should stop count- 
ing after 6 seconds registering 358-360 counts. 


4. Under conditions 1 thru 3, meter should read 3600 
counts per minute. 


5. Tum TEST switch OFF. 
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Figure 2-3. Typical High Voltage vs H. У. Adjust Setting 


D. OPERATING THE INSTRUMENT 


Do not attempt operation with the THRESHOLD control 
below a setting of 1 (one turn). Below this setting, the instru- 
ment is so sensitive that noise counts may occur. It should 
never be necessary to operate below one turn if the MS-2 
and probe combination аге set up properly. 


1. GM DETECTORS 


а. Adjust the high voltage to operating voltage of the 
detector being used. Use either of the two methods below. 


(1) Refer to Figure 2-3 and set H. V. ADJUST 
to setting corresponding to voltage desired. 


(2) Measure with electrostatic voltmeter. Record 
potentiometer setting for future reference. 
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Figure 2-4. Typical H. V. Plateau, MS-2 with PG-2 Detector 


Use care not to over-voltage the GM tube as 
permanent damage may result. 


b. Connect detector to DETECTOR connector. 


с. Set THRESHOLD to 10.00. This reduces chance 
of noise from the GM tube. 


4. set WINDOW IN-OUT switch to OUT. (No pulse 
height information is available from GM detector.) 


e. Push START-RESET switch and expose detector 


to a check source. Instrument should count and is ready 
for operation. 
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2. GROSS COUNTING WITH SCINTILLATION 
DETECTORS : 


a. Connect detector to DETECTOR connector. 


b. Set THRESHOLD to 5.00 and WINDOW IN-OUT 
switch to OUT. 


c. With the detector exposed to a radiation source of 
the isotope to be counted, run a plateau of counts vs H. V. 
setting. (See Figure 244.) 


4. Remove radiation source and repeat step с. for back- 
ground. 


e. Set H. V. ADJUST to a point on the plateau just 
below the upswing of background. 
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Figure 2-6. Typical Pulse Height Spectrum vs Threshold Setting 
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Figure 2-7. Typical Plateau, MS-2 with Proportional Detector 


3. PULSE HEIGHT ANALYSIS WITH SCINTILLATION 
DETECTORS 


a. Turn Н.У. ADJUST to 0.00 and WINDOW IN-OU1 
switch to IN. 

b. Expose detector to a gamma field of known energy 
such аз Cs137, 

с. Adjust THRESHOLD to the desired knob reading 
for the energy being used, such as 6.61 for !37Cs. 

d. Set WINDOW to 25% of THRESHOLD (.25 x 
6.61 = 1.65). 

e. Plot a curve of counts vs high voltage. (See Figure 
2-5.) 

f. Adjust H. М. for the peak reading. 

в. To optimize window width, plot several curves of 
counts vs threshold with wider and narrower windows and 
choose the one best suited. (See Figure 2-6.) If desired, 
adjust Н. У. to obtain the maximum reading at the 
THRESHOLD knob reading selected (6.61 for !?"Cs). 

h. Under the above conditions, the THRESHOLD and 
WINDOW controls are approximately 100 KeV per revolu- 
tion, 
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4. PROPORTIONAL DETECTORS 
а. Set the THRESHOLD control to 2.50 and the WIN- 
DOW IN-OUT to OUT. 


Ъ. Plot a curve of counts vs high voltage with the de- 
tector exposed to an appropriate radiation field. (See Fig- 
ure 2-7.) 


с. Remove detector from the radiation source and plot 
a background curve. (See Figure 2-7.) 


4. Adjust high voltage for a point on the plateau be- 
low upswing of background. (See Figure 2-7.) 


е. Instrument is now ready for operation. 
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Е. PRACTICAL CONSIDERATIONS OF COUNTING 
RANDOM EVENTS (RADIOACTIVITY) 


1. STATISTICAL DEVIATION 


When the total number of counts recorded from a radio- 
active source is small, the number can be considerably 
different from the average source value due to statistical 
deviation. 


The radiations from a source are random in nature and 
the laws of probability apply. From a determined number 
of counts the following equations can be used to calculate 
the deviation to be expected from the average source value. 


A standard deviation (S.D.) is defined as the square root 
of the average total number of counts (МА). The symbol 
for this iso. Thus, 


SD.= = NA 


Any determination (N) on a sample will be within a 
certain deviation of the average a fixed percent of the time, 
as listed below. 


Eq. I 


М№= МА #.6747 | 50% of the time Eq. II 
М=МА to 68% of the time Eq. III 
N=Na #20 95% of the time Eq. IV 
М= МА 230 99.7% of the time Eq. V 


Example A: A 2500 CPM source is counted 100 times 
for 1 minute each. 


From Eq. I, S.D. = с ={2500 =50 СРМ 


The distribution of the individual counts will be as 
follows: 


From Eq. II, 50 counts will be within 2500 +34, or 
2466 to 2534 CPM. 


From Eq. III, 68 counts will be within 2500 +50, or 
2450 to 2550 CPM. 


From Eq. IV, 95 counts will be within 2500 +100, or 
2400 to 2600 CPM. 


From Eq. V, nearly all counts will be within 2500 
+150, or 2350 to 2650 CPM. 


There is always the possibility that a count will be far 
away from the average, but this will happen only a small 
percentage of the time. 


2. CONFIDENCE LEVEL 
When the average count from a sample is not known and 


the accuracy of one determination must be specified, a 
confidence level must be used. Confidence level corresponds 


to the percentages in Equations II through V. At 50% 
confidence level, any one determination will be within 
+,6740- of the average count. At the 95% confidence level, 
any one determination will be within +207 of the average 
count. 


Example B: A one minute determination on a sample 
reads 1747 counts. The standard deviation (т) is 42. 
The accuracy of the determination can be specified as 
follows: 


1747 #28 CPM 50% confidence level or 1747 +84 
CPM 95% confidence level. 


The 95% confidence level is in fairly common usage, 
however any level can be used as long as it is specified. 


3. ERROR IN COMBINING TWO DETERMINATIONS 


If the background count is comparable to the sample 
count, considerable error can be had in the solution when 
the background is subtracted out. The following formula 
applies: 


В=В$-Вв +2 Rs + ВВ 95% confidence level 
Ts Тв 


К = Net count rate of sample in counts per minute, 

Rg = Count rate of sample and background in counts рег 
minute, - 

ВВ = Count rate of background in counts рег minute, 

Ts = Time that sample and background were counted in 
minutes, 

TB = Time that background was counted in minutes. 


Example C: Background count is 20 counts in 10 
minutes, and sample plus background count is 100 counts 
in 10 minutes. So, 


Rg = 100/10 = 10 CPM 
RB = 20/10 = 2 СРМ 
Ts = 10 Minutes 

Тв- 10 Minutes 


= 10,2 _ {12 = 
R= 10-2 +2 10*10=8 #2 12 =8+2.2 CPM (8 +27%%) 


at 95% confidence level. 


To get the highest accuracy in the minimum amount of 
time, the sample counting time (TS) and background 
counting time (Tp) should be distributed according to the 
following formula: 
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4, RESOLVING TIME ERROR When the resolving time is known, an observed count 
can be corrected by applying the following formula: 


Ro 


When counting samples with a high count rate, the 
determination can be in error because of the finite re- R 
solving time of the counting system. The resolving time of 
a counter can be determined by counting two sources of 
approximately the same value individually and then to- 


gether and applying the following formula: wheres 
-R1+R2-R12 R = True counting rate (counts per second) 
aS 2(R1 R2) Ro = Observed counting rate (counts per second) 


"Т = Resolving time (seconds) 


where: 


T = Resolving time (seconds) 


Rj = Counting rate, source 1 (counts per second) Due to simplification of the above equations the 
R2= Counting rate, source 2 (counts per second) accuracy of the correction is limited if the correction 
R12 = Counting rate, source 1 + 2 (counts per second) exceeds about 20%. 
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SECTION Ш 
THEORY ОҒ OPERATION 


A. GENERAL (See Figure 3-1) 


The high voltage power supply develops high voltage 
for the detector. When radiation reacts in the detector, 
negative pulses are generated. These pulses are coupled 
into an amplifier. 


After amplification, the pulses are applied to a pulse 
height discriminator, controlled by front panel controls. 


The output of the pulse height discriminator is ap- 
plied to a rate meter and to a gate which is controlled 
either manually or by the timer, and counted by the 
scaler. 


The timer uses line frequency for a time base and, 
when selected, controls the length of time the count gate 
is open. 


B. FUNCTIONAL THEORY 
1. HIGH VOLTAGE SUPPLY (P-201B) 


This unit consists of a controlled oscillator (Q1), 
voltage step-up and rectification (T1), H.V. division 
(R11), amplifier (А1), and oscillator control (02). 


The regulation circuit is in balance when the 
voltages PINS(+) and PIN6(—) of Al are equal. The 
high voltage will be a multiple of the voltage on the 
gates. The high voltage is varied by varying the voltage 
on the reference side (PINS of Al) with R402, HV AD- 
JUST. As the reference is increased, the differential 
amplifier is unbalanced, which increases the level of the 
oscillator and the high voltage output. This puts more 
current through the HV reference resistor, increasing 
the voltage on the sensing input (PIN6 of А1) and rebal- 
ancing the circuit at a higher voltage. 


A heavier load tends to lower the high voltage, un- 
balancing the differential amplifier. This increases the 
level of the oscillator to maintain the original output. 

2. AMPLIFIER 


Transistors О1 and О 2 form a charge sensitive 
preamplifier whose output is proportional to the charge 
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input from the detector. The feedback capacitor СІ de- 
termines the sensitivity of this circuit. Constant current 
source CR2 sets О1 bias current and, due to its high im- 
pedance, provides a very high voltage gain from О1. Q2 
is an emitter follower which provides a low output im- 
pedance from the preamplifier. 


Transistors ОЗ through Q7 are a de coupled ampli- 
fier with feedback through R10 and R2 to control and 
stabilize the bias conditions. Gain is controlled by a 
feedback loop through R9 to the emitter of Q3. The 
resistance of R8 (GAIN CONTROL) forms a voltage di- 
vider with R9 to determine the gain. 


3. PULSE HEIGHT DISCRIMINATOR 


Dual transistor 08 and 010 are each a differential 
amplifier referenced to a bias string consisting of the 
THRESHOLD and WINDOW controls. 


Differential amplifier 010 is the threshold portion 
of the discriminator. It is referenced to 2 volts and has 
the control side bias adjustable from 1.0 to 2.0 volts by 
the THRESHOLD control. An output pulse will occur 
only when pulses out of the amplifier exceed the voltage 
difference between the reference side and the control 
side of the differential amplifier. For example, if the 
THRESHOLD control is set at 5.0, control side bias is 
1.5 volts. Only pulses larger than 0.5 volt (2.0 — 1.5) 
will be counted. 


Differential amplifier Q8 is the window portion of 
the discriminator. Its reference side is adjustable from 
2.0 to 3.0 volts by the WINDOW control. An output 
pulse will occur from the window discriminator when 
any pulse out of the amplifier exceeds the difference be- 
tween the THRESHOLD control setting and the WIN- 
DOW control setting. For example, if WINDOW and 
THRESHOLD controls were set at 5.0, cOntrol side bias 
is 1.5V and reference side bias is 2.5V. With these condi- 
tions, all pulses above 1.0 volt will give an output pulse 
from the window discriminator. 
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Figure 3-2. Pulse Timing in Discriminator Circuit 


Transistors 09 and О11 are current sources to fix the 
current through the differential amplifier for stability. Tun- 
nel diodes СКЗ and CR4 provide fast and positive switching. 


A pulse on the input of the differential amplifiers that 
exceeds both the threshold level and the window level has а 
finite time within the WINDOW. (See Figure 32.) The 
pulse width out of the threshold differential amplifier ex- 
tends from the time the input pulse exceeds the threshold 
setting (41) until it falls below the threshold setting (t4). 
Likewise, the pulse out of the window differential amplifier 
extends from tg to із. Since an output from the window 
differential amplifier has to cancel the threshold pulse, and 
it occurs at a later time, both flip-flops in Al are connected 
as trailing-edge triggers. Therefore, at the flip-flop outputs, 
the window pulse always occurs first (tz vs. ід). After a 
time determined by the time constant of R33 and C9, 015 
turns on, thus resetting both flip-flops (ts). 


If the threshold level only is exceeded, no window pulse 
occurs to cancel the threshold pulse and it produces а signal 
on A2 gate output. If the window pulse occurs, the gate is 
disabled and no output from the gate occurs. The window 
flip-flops can be disabled for gross counting by 5402. 
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4, TIMER 


Integrated circuit A201 is connected as an oscillator 
whose frequency is adjustable by R205 and is set for 60 Hz. 
When the instrument is powered by the AC line, the озсШа- 
tor is synchronized to line frequency: via Q201. 


Integrated circuits A202 and A203 are connected for 
divide-by-six countdowns reducing the frequency at A203 
output (pin 8) to 100 pulses per minute. A204, A205 and 
A206 are divide-by-ten countdowns so the frequency at 
$201 wiper will be 10, 1 or .1 pulses per minute, depending 
on the switch position. A207 and $202 give the option of 
counting these frequencies down by either 2 or 5. (See 
Figure 3-3.) The section of A202 that is connected to the 
wiper of 5202 sets the pulse in the right mode to control 
the gate (A208). The center two gates of A208 form a bi- 
stable flip-flop. The output of A208 (pin 11) is in a high 
state when counting and a low state when timed out. 


Integrated circuit A208 controls the count gate in the 
timed position of S203 and controls the reset and start action 
in the timer. Refer to Figure 3-4 for logic states. 


5. TEST 


The TEST switch selects either the discriminator output 
or the timer base frequency (3600 counts per minute) for 
the scaler and the rate meter input. 


6. SCALER 


Integrated circuit A301 gates the signal to the scaler. If 
pin 13 is low (stop condition), no signal is on pin 11. If pin 
13 is high (counting), signal on pin 12 is passed through to 
pin 11. The counting light is on when counting, and off 
when stopped. 


Integrated circuits A302 through A307 are each a com- 
bination of decade counters, decoder-drivers, and seven seg- 
ment light emitting diode displays. 


When the RESET-START switch is depressed pin 12 of 
the counters is held low, which resets them to zero. Capaci- 
tor C301 holds the reset condition until any switching 
transients are clear, 


7. RATE METER 
a. TRIGGER 


Integrated circuit A501 is connected to operate as a 
monostable multivibrator whose pulse width is controlled by 
the RC time constant between its pins 8 and 6. This time con- 
stant is established by the setting of the range switch $405, 
which selects a particular R and C. The calibration controls 
form the R for each scale making the pulse width continu- 
ously adjustable for calibration. 
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PIN 11 a np 


a. 7490 in + 10 MODE (A302 thru A307, A204, A205, A206) 


PIN 11 ana 


b. 7490 in + 5 MODE (A207) 


e] L 


с. 7492 in + 6 MODE (A202, A203) 


Figure 3-3. Counting Patterns for 7490 and 7492 (10585-B27) 
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b. METER DRIVER 


The driver Q502 is normally- off so no current flows 
through the meter. When the trigger is on, 0502 is ішпей 
on and current flows. The amount of current is determined 
by the voltage on the base of 0502 and В510. The length 
of time that current flows is determined by the pulse width 
of the trigger. This (current times time) forms a certain 
charge which is transferred to C506 for each event counted. 
С506 discharges through the meter, yielding a certain average 
current dependent on the rate of input pulses. Changing 
the pulse width of the trigger (i.e., changing scales or cali- 
bration pot settings) changes the average current for a given 
input pulse rate. This allows the meter to read in CPM 
from the discriminator. 


The response time of the meter is controlled by the RC 
time constant of C506 and R406, the response control. With 
R406 set to low resistance, the time constant is fast, and at 
high resistance it is slow. 


8. LOW VOLTAGE SUPPLY 


The AC line voltage is stepped down by T401 and recti- 
fied by A401. Voltage regulator A402 is a series regulator 
and supplies +5 volts to the circuitry. External battery con- 
nector, J402, is isolated by CR401. Zener diode CR402 
limits the voltage to the high voltage power supply to 7.5 
volts. 
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Figure 3-4. Logic States in Timer Control (10585-B28) 
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SECTION IV 
MAINTENANCE 


A. DISASSEMBLY AND REASSEMBLY 


1. To remove cover, remove one 10-32 screw on each 
side and lift off cover. 


СА 


О! 


Severe shock can occur from the charge on filter 
capacitor C402. Make sure high voltage has been 
shorted out by shorting the detector connector 
center pin to ground, 


2. To remove high voltage supply, lift from socket. 


3. To remove amplifier-discriminator board, remove the 
four 4-40 screwson the board. Unsolder C403 and tilt board 
up for access to bottom side, 


4. To remove timer board, remove amplifier-discriminator 
board first. Remove the front left spacer of the amplifier- 
discriminator board. Remove the four 4-40 screws and nuts 
that hold the timer board in place. Slide the timer board 
back and tilt to center of chassis for access to the bottom of 
the board. 


5. To remove scaler board, remove the three nuts that 
hold the scaler board to the chassis. Swing the board to- 


ward the center of the chassis for access to the front side 
of the board. 


6. To remove rate meter board, remove the three mount- 
ing screws and lift the board from its rear. 


7. To reassemble, reverse procedures. 
В. PREVENTIVE MAINTENANCE 
1, Keep instrument clean and dry, 


2. The MS-2 has no components that require scheduled 
maintenance. 


C. CALIBRATION 


1. TIMER 


The timer can be modified to run synchronized on a 50 Hz 
line or to run with no sync input at all. The following shows 
the changes to be made. 


a. Synchronized with 50 Hz line: 
This modification may be accomplished by removing 


CHANGE 2 


A203 from the timer board and replacing it with a type 7490 
integrated circuit. If this interchange is made, you must 
check to see that pins 2 and 3 of XA203 are jumped to 
ground. For calibration of the oscillator for battery opera- 
tion see below. 


b. No external sync signal: 

To modify the timer to run on its own oscillator with 
no external sync signal, remove the wire from tie point 6 of 
the timer board. The line sync feature is then disconnected. 


c. Calibration of oscillator: Either of the two methods 
given below may be used. 
(1) Using an oscilloscope and monitoring at tie 
point 7 of the timer board, adjust R205 for 60 Hz (16-2/3 
milliseconds period) if the timer board is not modified or if 
it is modified according to part b above. 


If the timer board is modified for synchronization with 
a 50 Hz line, then adjust R205 for 50 Hz (20 milliseconds 
period). 


(2) Connect a pulse generator with an accurate base 
(such as EIC Model MP-1 or MP-2) to the amplifier input. 
Preset a time and adjust R205 for the correct reading on the 
scaler. 


2. AMPLIFIER GAIN 


The gain of the amplifier is set at the factory for 
approximately 0.5 volt output with a 1 millivolt input. On 
scintillation and proportional detectors, the high voltage 
also controls the overall gain, so the gain adjustment is ar- 
bitrary. The gain control, however, can be adjusted to suit 
the operator and/or detector. Generally, the gain should be 
set high (toward maximum clockwise) for proportional and 
scintillation detectors and low for geiger detectors. Refer to 
Section II, D for setup procedures for the particular de- 
tector. 


When adjusting the gain toward maximum be sure that 
noise can be rejected. 


3. COUNT RATE METER 


Using a pulse generator with a known time base, such as 
EIC Model MP-1 or MP-2, or a variable pulse generator 
with an oscilloscope, set for 400 CPM input to the MS-2. 


With the range switch on ХІ, adjust ХІ calibration pot 
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оп the rate meter board for a reading of 400 on the meter, 


Repeat with 4,000, 40,000 and 400,000 CPM on X10, 
Х100 and ХІК ranges. 


р. TROUBLESHOOTING 


Typical voltages and waveforms are given on the schematic. 
Use of the schematic, along with the Theory of Operation 
section and its waveforms and diagrams, should help to 
isolate and pinpoint problems. Component locations are 


shown in Section VI. 


Voltages, except the high voltage, are measured with a 
20,000 ohms per volt, or greater, voltmeter. Ап electro- 
static voltmeter should be used to measure the high voltage. 


If an electrostatic voltmeter is not available for measuring 
high voltage, the voltmeter used for the other voltages may 
be used to give an indication of high voltage. It must be 
remembered, however, that this is only an indication. 


ORIGINAL 


MODEL М5-2 


ЗЕСТЮМ У 
PARTS LIST 


The following table lists the mechanical items incorporated in the MS-2 and should contain any part necessary for nor- 
mal repair. Unless otherwise specified, callouts of manufacturers and manufacturers’ part numbers are to be con- 
sidered typical examples only and not restrictions against using equivalent parts with the same operating 
characteristics. When ordering parts from Eberline, specify model number, serial number, reference designation, 
value, Eberline part number, or a word description if the part has no reference designation. Eberline will automa- 
tically substitute equivalent parts when the one called out by the manufacturers’ part number is not available. 


EBERLINE 
RT NUMBER 


TI SN7400N ICTTA00000 (3) 
or equivalent 


MANUFACTURER AND 
PART NUMBER 


REF DESIG DESCRIPTION 


1. Sealer YP10601000 


A301 Integrated Circuit | Quad 2-Input NAND Gate 


A302-A307 Integrated Circuit | Decade Counter Readout | TI TIL306 or TIL307 OPDS3 (3) 

C301 Capacitor 1.0 ҺЕ, 35 V Type CS13 CPTA105P3L (6) 

DS301 Light Emitting Monsanto МУ5021 OPLPI (3) 
Diode 

R301 Resistor 680, 5%, 1/4 W RECC681B22 (7) 

R302 Resistor ТОК, 5%, 1/4 W RECC103B22 (2) 

R303-R308 Resistor 820, 10%, 1/8 W RECC821B31 (8) 


2. Timer ҮР10594000 


[A201 Integrated Circuit | Quad 2-Input NOR 
Gate, CMOS 

A202, A203 Integrated Circuit | Divide-by-12 Counter, 
Type 7492, DIP, 70*C 
A204-A207 Integrated Circuit | Decade Counter, 

Type 7490, DIP, 70°С 


RCA CD4001AE ICCMA4001A (9) 


741.592 ICLSA00092 (5) 


Fairchild U6A749059X ІСТТА00090 (4) 


А208 Integrated Circuit | Quad 2-Input NAND 7400 ІСТТА00000 (3) 
Gate, Туре 7400, 
DIP, 70 °С 

C201 Capacitor 0.01 uF, 200 V Sprague 192P-10392 CPPF103P3R (3) 


CPPF473P3R (0) 
CPTA121M3F (4) 


C202 Capacitor 
C203 Capacitor 


0.047, 10%, 200 V 
120 pF, 10 V 


Sprague 192P-47392 
Type CS13 


Q201, Q202 Transistor NPN, Silicon 2N4124 TRSN2N4124 (2) 


R201 Resistor 27k, 5%, 1/4 W RECC273B22 (3) 
R202 Resistor 68k, 5%, 1/4 W RECC683B22 (3) 
R203 Resistor 12k, 5%, 1/4 W RECC123B22 (0) 
R204 Resistor 10k, 10%, 1/4 W RECC103B22 (2) 
R205 Potentiometer 100k Bourns 3299W-1-104 PTCE104B03 (5) 
R206 Resistor 120k, 5%, 1/4 W RECC124B22 (8) 
R207 Resistor 750k, 5%, 1/4 W RECC754B22 (2) 


R208 Resistor 47k, 10%, 1/4 W RECC473B22 (9) 
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DESCRIPTION 


2. Timer (Continued) 


R209 


5201-5203 


Integrated Circuit 
Integrated Circuit 


MANUFACTURER AND 
PART NUMBER 


EBERLINE 
PART NUMBER 


— 


4.7k, 5%, 1/4 W 


2-Pole, 
3-Position Slide 


3. Amplifier-Discriminator ҮР10593000 


Dual JK Flip-Flop 
Quad 2-Input 

NOR Gate, 

Туре 741.02, DIP, 70 °C 


CI Capacitor 4.7 pF, 1000 V 

T2 Capacitor 3.3 ҺЕ, 10%, 15 V 
C3 Capacitor 0.01, 10%, 200 У 
C4 Capacitor 0.001, 10%, 200 V 
cs Capacitor 0.047, 10%, 200 V 
Cê, C11 Capacitor 120 zF, 10 V 

С7, C8 Capacitor 0.022 pF, 10%, 200 V 
Co Capacitor 150 pF, 1000 V 
CRI Diode 

CR2 Current Source 0.43 mA 

CR3, CR4 Tunnel Diode 

CRS Diode 

QI JFET 

02, 04, 06, Transistor NPN, Silicon 

97, 09, 

Q11, 015 

Q3, Q5 Transistor PNP, Silicon 

08, 010 Transistor Dual NPN 

012, 013 Transistor PNP, Germanium 


RI, R16, R17, 
R28, R29 

R2 

R3 

R4, R32 

RS 

R6, КИ 

R7 

R8 

R9, R10, 


Potenti 


Resistor 


Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 


Resistor 


ІК, 5%, 1/4 W 


2.2M, 5%, 1/4 W 
3.48k, +1%, 1/4W 
4.7k, 5%, 1/4 W 
3k, 5%, 1/4 W 
2.2k, 5%, 1/4 W 
47 0, 10%, 1/4 W 
iometer sk 

10k, 5%, 1/4 W 


Cont. Wirt G-386-PC 


74LS109 
T1 SN74L02N 


Sprague 10TCC-V47 
CS13 


Sprague 192P-10392 

Sprague 192P-10292 

Sprague 192P-47392 

Type CS13 Case B 

Sprague 192P-22392 
CRL DD-151 


1N4148 

Motorola 1М5289 
GE 1N3712 
IN34A 


Motorola 2N5358 
2N4124 


2N4126 
MAT-01GH 
2N964 or 2N3400 


Bourns 3299W-1-502 


RECC472B22 (1) 
SWSLI (4) 


ICLSA00109 (6) 


ICTLA00002 (2) 


CPCE472F2U (2) 
CPTA335P3H (5) 


CPPF103P3R (3) 
CPPF102P3R (5) 
CPPF473P3R (0) 
CPTA121M3F (4) 


CPPF223P3R (9) 
CPCE151P3U (8) 


CRSIIN4148 (7) 

CRZRINS289 (7) 
CRTUIN3712 (6) 
CRGEIN0034 (9) 


TRIN2N5358 (0) 
TRSN2N4124 (2) 


TRSP2N4126 (8) 
ICRTAMATOIGH (9) 
TRGP2N0964 (4) 


RECC102B22 (4) 


RECC225B22 (3) 
RECE342B12 (6) 
RECC472B22 (1) 
RECC302B22 (0) 
RECC222B22 (0) 
RECC470B22 (5) 
PTCES02B33 (4) 
RECC103B22 (2) 
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MANUFACTURER AND | EBERLINE 

REF DESIG | PART DESCRIPTION PART NUMBER PART NUMBER 
3. Amplifier-Discriminator (Continued) 

= == 
R12 Resistor 1.2k, 5%, 1/4 W RECC122B22 (2) 
R13 Resistor 1.5k, 5%, 1/4 W RECC152B22 (9) 
RI4 Resistor 3.3k, 5%, 1/4 W RECC332B22 (7) 
RIS Resistor 6.8k, 5%, 1/4 W RECC682B22 (5) 
RI8 Resistor 220, 5%, 1/4 W RECC220B22 (4) 
R19, R24 Resistor 220 0, 5%, 1/4 W RECC221B22 (2) 
R20, R26 Resistor 470 0, 5%, 1/4 W RECC471B22 (3) 
R22, R25 Resistor 2k, 5%, 1/4 W RECC202B22 (2) 
R33 Resistor 16k, 10%, 1/4 W RECC163B22 (6) 
R34 Resistor 820 0, 10%, 1/4 W RECC821B22 (9) 
R36 Resistor 3.9k, 5%, 1/4 W RECC392B22 (1) 
4. Chassis 
A401 Bridge Rectifier Varo VH-148 CRARVH0148 (3) 
A402 Voltage Regulator | 5 V National LM309K or ІСАУСОЗОЗК (6) 

FSC 9617109393 
С401 Capacitor 10,000 uF, 15 V Aerovox PRS-1244 CPAL103MXH (0) 
C402 Capacitor 0.05 pF, 3.5 КУ Сарсо EBL-1 СРРЕ50ЗРХҮ (9) 
C403 Capacitor’ 220 pF, 3 КУ CRL DD30-221 CPCE221P3Y (5) 
C404, C405 Capacitor 0.01 uF, 3 kV Sprague 30GA-S10 CPCE103P4Y (3) 
C406 Capacitor 0.047 uF, 200 V Sprague 192Р CPPF473P3R (0) 
CR401 Diode Motorola 1N4720 CRSI1N4720 (3) 
CR402 Diode, Zener 7.5 У Motorola 1N5343A CRZRIN5343 (1) 
F401 Fuse 1/4 A, Slo Blo, FUST3 (6) 
3 AG Size 
F402 Fuse 1-1/2 A, 3 AG Size FUSBA (7) 
1401 Соппесїог МНУ (Detector Amphenol 27025 СОАЕ! (1) 
1402 Connector 2-wire (Battery) Amphenol 80PC2M COAF2 (9) 
M401 Meter 0-50 pA de with Jewel Model 81T MTPA21 (6) 
10472-B60 Meter Face 

R401 Resistor 330,3 W Clarostat VC3D REWW330B26 (1) 
R402 Potentiometer 10k, 10-Turn Beckman Helipot 7297 PTWW103B05 (1) 
R403, R404 Potentiometer 1k, 10-Turn Beckman Helipot 7297 PTWW102B05 (3) 
R405 Resistor 2.2k, 10%, 1/4 W RECC222B22 (0) 
R406 Potentiometer 50k CTS RV6NAYSD 503 A РТСС503В33 (4) 
$401 Switch, Toggle DPDT (Power) Alco MTA-206N SWTO3 (5) 
$402, S403 Switch, Toggle SPDT (Window, Test) Alco MST-105D SWTO12 (7) 
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MANUFACTURER AND | EBERLINE 
PART NUMBER PART NUMBER 


REF DESIG DESCRIPTION 


ntinued) 


4. Chassis (Co 


5404, S406 Switch, NO C-H SAIRV20 SWPB4 (1) 
Push Button 

S405 Switch 3-Pole, 4 Position Rotary | Mallory 3134) SWRO6 (7) 

5407 Switch, Slide DPDT (115-230 Vac) Cont. Wirt GF326 SWSL3 (0) 

T401 Transformer 115/230 V primary; Zenith WE2274 ТЕРО16 (6) 


7.5 У, 3 А secondary 


5. Rate Meter Board YP10597000 


А501 Integrated Circuit | Quad 2-Input NOR Gate Motorola MC717P or ICRTA0817P (0) 


Better 
C501 Capacitor 500 pF, 500 У C-D CDI9FD501J03 CPCESOIP3X (1) 
C502 Capacitor 0.33 uF, 10 V Type CS13 CPTA334P3L (2) 
C503 Capacitor 0.033 ҺЕ, 200 V Sprague 192P-33392 CPPF333P3R (6) 
C504 Capacitor 0.0033 nF, 200 V Sprague 192P-33292 CPPF332P3P (0) 
C505 Capacitor 330 pF, 500 V ERIE 831-000X5F0331K CPCE331P3U (6) 
C506 Capacitor 120 pF, 10V CPTA121M3F (4) 
CR501 Diode, ZENER 141 VQ ЮтА Motorola MZ2361 CRZRMZ2361 (0) 
CRS02 Diode 1N34A CRGE1N0034 (9) 
R501, R511 Resistor 10k, 5%, 1/4 W RECC103B22 (2) 
R502, R503, Potentiometer 20k Bourns 3329P-1-203 PTCE203B33 (9) 
R504, R505 
R506 Resistor 100k, 5%, 1/4 W RECC104B22 (0) 
R507 Resistor 6.8k, 5%, 1/4 W RECC682B22 (5) 
R508 Resistor 5.1k, 5%, 1/4 W RECC512B22 (4) 
R509 Resistor 2k, 5%, 1/4 W RECC202B22 (2) 
R510 Resistor 390 0, 5%, 1/4 W RECC391B22 (3) 
Q501 Transistor NPN, Silicon 2N4124 TRSN2N4124 (2) 
Q502 Transistor PNP, Silicon 2N4126 TRSP2N4126 (8) 
5. HV SUPPLY, P201B 
Al Integrated Circuit | Op-Amp National LM324N ICAOA0324N (6) 
сі, C2, C3 Capacitor 0.0047 uF, 3 kV Sprague 30GA-D47 CPXX13 (7) 
Са, C5 Capacitor 0.01 uF, 3 kV Sprague 30GA-S10 CPCE103P4Y (3) 
C6 Capacitor 0.1 uF, 100 V Kemet type CKO6BX104K CPCEI04P3P (5) 
CT Capacitor 1000 pF, 100 V CRL CN20A102K CPCE102P3P (9) 
C8 Capacitor 220 uF, 10 V Sprague 150D227X9010S2 CPTA221M3F (2) 
C9 Capacitor 0.27 ҺЕ, 50 V Centralab CW30C274K CPCE274PAN (6) 
C10 Capacitor 0.002 nF, 1 КУ Centralab DD-202 CPCE202P4U (7) 


Rectifier Silicon, 2.5 kV Varo VA25 CRSIVA0025 (3) 
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MANUFACTURER AND | EBERLINE 
REF DESIG | PART DESCRIPTION PART NUMBER PART NUMBER 


6. HV Supply P201B (Continued) 


Q Transistor PNP, Silicon Motorola MJE371 TRSPMJE371 (1) 
Transistor NPN, Silicon 2N4124 TRSN2N4124 (2) 


Resistor 22 MQ, 1/8W, 5% Carbon Composition RECC226B21 (2) 
Resistor 1 MQ, 1/8W, 5% Carbon Composition RECCIOSB21 (8) 
Resistor 300 Q, 1/4W, 5% Carbon Composition RECC301B22 (2) 
Resistor 4.7k, 1/4W, 5% Carbon Composition RECC472B22 (1) 
Resistor 10k, 1/4W, 5% Carbon Composition RECC103B22 (2) 
Resistor 100K, 1/4W, 5% Carbon Composition RECC104B22 (0) 
Resistor 1k, 1/4W, 5% Carbon Composition RECC102B22 (4) 
Resistor 150 КО, 1/4W, 1% RNSSD RECE154B12 (5) 
Resistor 100k, 1/4W, 1% RN55D КЕСЕ104В12 (0) 
Resistor 1.0 МО, 1/4W, 5% Carbon Composition RECC105B22 (7) 
Resistive Divider | 1000M/1M TRW/IRC type RD4 REXX22 (4) 


Transformer High Voltage Microtran M8149 TFHVS (3) 
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Figure 6-2. Component Layout cf P-201B Board (11325-CO6^) 
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Figure 6-3. Component Layout of Amplifier-Discriminator Board 
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Figure 6-4. Component Lavout of Scaler Board (10601-B05) 
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Figure 6-5. Component Layout of Timer Board (10594-B02) 
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Figure 6-6. Component Layout of Count Rate Board (10591-М02) 
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